To date, much of the policy and research debate on contingent valuation mode effects has relied on experiences drawn from other research disciplines. This study provides the first contingent valuation phone-mail comparison that meets current standards for response rates, draws from a general population, is relevant to the valuation of general environmental goods, and allows comparisons with actual sign-ups. Consistent with previous research in other disciplines, social desirability bias is found in responses to subjective questions --thus leading to more environmentally favorable responses on the phone. However, this effect does not carry over to hypothetical participation decisions. Hypothetical bias is found in both modes. Yet, application of calibration methods using debriefing questions provided nearly identical values across modes. As such, neither mode appears to dominate from the perspective of providing more valid estimates of actual participation decisions. The selection of survey mode must be based on other criteria.
Introduction
An unresolved issue in contingent valuation (CV) is whether personal and telephone interviews provide more valid or "better" responses than mail survey techniques. Mail surveys presently dominate CV research because they are easier to implement and cost substantially less than phone interviews, thus enabling a greater amount of survey research to be conducted. However, in an influential review, the National Oceanographic and Atmospheric Administration (NOAA) Panel on contingent valuation maintained that it is "unlikely that reliable estimates of values could be elicited with mail surveys," and recommended in-person or phone interviews [Arrow et ai. 1993, p. 4611] .
In response to the Panel's report, Dillman (1993) argued that problems with personal interviews are generally understated, while the shortcomings of mail surveys are overstated. Others like Bishop et al. (1988: p. 336) found that "the data gathered through self-administered surveys may, other things being equal, be better than that obtained by telephone surveys." Evidence on elicitation "mode" effects is drawn primarily from work by survey researchers in other fields. Unfortunately, little direct empirical evidence is available from CV studies to shed light on this debate. Two exceptions are found in recent CV phone/mail comparisons performed by Whittaker et al. (1997) and by Loomis and King (1994) . Loomis and King asked for willingness to pay (WTP) for improved wildlife habitat in California. However, they attained relatively low response rates for both the mail and phone portions of their survey and drew samples from slightly different populations, which reduces the comparability of CV responses by increasing the likelihood of differing sample biases. Whittaker et ai. elicited WTP for increased fees at state parks, and achieved high response rates with a survey from a self-selected sample of Colorado State Park users. Yet, in their own assessment of their work they note that fee increases involve potential strategic issues and -that this sample was not drawn from the general population. A further limitation of these two .' studies, from the perspective of CV validity, is that neither had actual behavior to serve as a reference for evaluating mode effects. Thus, the critical question of whether phone or mail responses provide better estimates of actual behavior remains unanswered by existing CV research. This paper offers a unique contribution to the CV survey literature by providing a direct telephone/mail comparison with response rates in the 70% range (as suggested by the NOAA Panel), utilizing a sample drawn from a general population (a sampling strategy corresponding to most CV research), and eliciting WTP for a good with high non-use value (a common CV application). In addition, we are able to compare hypothetical phone and mail results with actual participation in a Niagara Mohawk Power Corporation green electricity pricing program. Thus we can not only test for mode effects, but also for hypothetical bias in CV responses. Calibration of responses across modes is also explored to investigate whether different modes necessitate different levels of correction.
The remainder of the paper is organized as follows. Potential mode related survey errors and biases are briefly reviewed in the next section. Section 3 reviews the existing CV research on mode effects for the purpose of fonnulating a set of testable research hypotheses. The fourth section summarizes the survey methodology. Results and discussion are provided in Sections 5 and 6.
Survey Errors and Possible Mode Effects
The question of the relative validity of mail versus phone surveys is important because of the high cost of phone surveys. Another concern about contingent valuation remains the potential for hypothetical bias. Past research has demonstrated that "hypothetical questions, particularly about donations to generally desirable environmental goods, seem to engender overestimates of actual WTP" [Brown et al. 1996, p. 164] . A separate body of research suggests that there are mode effects on survey responses, including stated willingness to pay. Yet, because these two concepts have not been linked in a single study, it remains to be determined whether phone or mail elicitation acts to minimize hypothetical bias in valuation, and whether different types of calibration rules are needed across modes.
-2 In addition to this broad concern about hypothetical bias, the survey nature of CV introduces other possible errors in drawing inferences about social values for public goods. Sampling error is the first likely source of error. This error may be induced by differences in how the sample is drawn, resulting in a divergence between the survey and the target populations if elements of the target population are systematically excluded from the sample frame. Such divergence has been termed sample frame bias, coverage bias, or non-coverage error [Edwards and Anderson, 1987; Loomis and King; Groves, 1987; Dillman, 1991] . A standard example of this type of bias is that telephone directory listings often used in survey research exclude a substantial portion of the population (perhaps up to 35 to 40 percent or higher) because of unlisted numbers, recent moves, and non-phone households [Schuman, 1996; Traugott, Groves and Lepkowski, 1987] . Thus if alternative modes rely on different sample frames and the sample composition affects estimates of sample values, then mode effects may be observed. Note that this problem results from faulty sampling design, not in how the surveys are implemented.
Another form of sampling error that may occur is non-response bias. If the decision to complete and return the survey is systematically related to individual attributes, the resulting sample may not accurately reflect the population being sampled. Inferences about population values may be biased because a non-representative sample would result. If alternative survey modes have different patterns of non-response, then different modes would be expected to exhibit different degrees of this type of bias. Quantification and subsequent weighting of responses to account for sampling effects have been suggested as a technique to correct for non-response [Loomis, 1987; Dalecki et al., 1993] . However, the extent to which respondents answers would differ from those of non-respondents is difficult to quantify and is seldom known. One solution is to keep the proportion of non-respondents as low as possible [Schuman] , with the NOAA directives identifying 70% as an appropriate response rate for reducing the likelihood of non-response bias to acceptable levels. At this or similar response rates, "relatively few (mode) differences have been reported for personal attributes", suggesting that reported demographics can be treated as an accurate representation of the sample population [Dillman, 1991, pp. 241-42] .
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Suppose that the sampling method and high response rates to mail and phone surveys do generate comparable samples as defined by observable "objective" demographic characteristics. It is still possible that different modes will not produce the same answers to non-demographic questions. This could occur because of sample selection bias, where respondents having the same observable demographic characteristics, but different unobservable characteristics, respond to a survey with a different likelihood. Such sample selection bias might be attributed to an unobservable avidity, whereby those most interested in an issue are most likely to respond to a survey about that issue in spite of the fact that their observable demographic characteristics do not differ form the rest of the population [Loomis and King; Mitchell and Carson, 1989] . Arguments made by Arrow et al. and others suggest that an avidity effect is more likely to occur in mail surveys because of the ease of non-response (by the non-avid) relative to telephone surveys. As with non-response bias, high response rates are offered as protection against sample selection bias [Dillman, 1991] . That is, if response rates are high, then the importance of these errors should be (relatively) small.
A third factor that might cause a deviation between phone and mail responses is measurement error.
Differential measurement errors due to mode effects would result in different answers to the same questions by the same respondent for different survey modes. Schuman and others [Schuman and Presser, 1981; Dillman, 1991] have noted that phone respondents tend to give more extreme answers to survey questions. A prime explanation for this, especially for relatively uncomplicated survey topics, is that some respondents may desire to avoid embarrassment and to project a favorable image to the researchers.
2 Such a social desirability bias would be expected to affect, in predictable directions, a wide range of questions of a "subjective" nature which might reflect upon the respondent. For example, Connelly and Brown (1994) show that check-off contributions to wildlife on New York State tax forms are over reported in a mail survey by more than twice actual contributions after adjusting for recall errors. Ketosh and Traugott (1981) find that reported voting behavior overstates support for the winning candidate by over 10 percent. The broad survey literature suggests that social desirability bias will be higher for both phone and in-person interviews than for mail surveys [Whittaker et al.; Dillman 1978] , and that mail surveys produce fewer such response effects [Dillman, 1991] . As an example, Dillman and Tarnai (1991) find that the frequency of socially desirable answers given in phone surveys is significantly higher than those in mail surveys for questions about driving while intoxicated. For CV, evidence of social desirability bias effects on WTP responses has been conjectured for phone and in-person surveys [Arrow et al.] . However, this hypothesis has only been supported indirectly by evidence that WTP is affected by different interviewers in in-person interviews [Boyle and Bishop, 1988; Mannesto and Loomis, 1991] .
Previous PhonelMail CV Comparisons and Testable Propositions
By necessity, the discussion in the previous section drew primarily from survey researchers in other disciplines. To our knowledge, only two CV studies have explicitly compared phone and mail implementations of the same survey. Loomis and King conducted a survey of WTP for the improvement of wildlife habitat and fisheries resources in California. They used random digit dialing for the phone survey, but supplemented phone listings with auto registrations for the mail survey.
Thus their sampling frames differed, introducing the possibility of different sample populations.
Using a Chi-square test they found statistically significant differences between respondents for four demographic characteristics: gender, education level, age and income. This result is not particularly surprising in light of their low response rates (35% mail and 55% phone), suggesting a combination of sample non-response and sample-selection bias. In spite of these differences in underlying demographics, Loomis and King did not find that broad attitudes about wildlife differed between survey modes. Nevertheless, estimated WTP distributions from a series of dichotomous choice questions were found to be significantly different between mail and phone surveys for three of five programs tested. Mail surveys produced higher WTP estimates for four of the five hypothetical programs. In one case, the estimated mail WTP value was more than triple the estimated phone value. Loomis and King attributed higher mail WTP values to "sample selection effects in mail -5 surveys" (p.318), which is consistent with the sample non-response bias and avidity effects 3 discussed above. Thus, the low response rate for their mail survey is the likely source of bias.
The study by Whittaker et ai. used a split sample design with identical phone and mail instruments to ask Colorado state park users dichotomous choice questions about their WTP increased user fees at Colorado state parks. Note that these fees would be paid by all park users, not just respondents.
Drawing from a homogeneous sample across modes, the survey produced high response rates (78% mail, 79% phone), thus minimizing the possibility of sampling error. Such high response rates might be anticipated because their survey population consisted of state park users who previously completed a one page survey and who volunteered their addresses and phone numbers. Statistical tests were conducted to evaluate differences between modes for four variables (number of years visiting Colorado state parks, number of parks visited per year, expenditures on recreation equipment, and household income). Only income was significantly different across modes. Since a limited number of fee values were used, a WTP distribution was not estimated. Instead, using a Chi square test, Whittaker et ai. found significant differences in WTP for four of nine WTP point estimates, and nearly significant differences for three of the remaining five. In this study, telephone respondents were always more willing than mail respondents to say yes to a fee increase, in one case by a 67% to 43% margin. These findings are opposite those of Loomis and King. Whittaker et ai.
attributed this reversal in part to social desirability bias created by the presence of an interviewer, which is likely to be pronounced because of the sample used and the commodity selected. That is, the conditions were almost ideally designed to induce social desirability effects: respondents were obviously interested in the commodity; and because they had already been contacted in the park, were more likely to perceive that interviewers would be favorable to resource conservation.
Whittaker et ai. also suggest that there may have been strategic bias, in that respondents may seek to discourage the park agency from raising fees. They argued that strategic bias would comparatively lower mail results because respondents would have more time to develop strategic thought.
In all, the research literature on mail and phone surveys in other disciplines, as well as the specific Even if mode effects do occur, it is not apparent which method is preferred. Alternative methods might systematically overstate, understate, or bracket "true" WTP. In our comparison, however, we make use of actual participation rates obtained with a provision point elicitation mechanism. This mechanism has been shown to approximate demand revelation in the laboratory (see Poe et al. 1997 and Rose et al. 1996 Rose et al. , 1997 , and thus provides an appropriate reference for comparing the direction and the degree of hypothetical bias associated with alternative elicitation techniques. 
Survey Methodology
In 1995 .' 9 such programs, sign-up rates have generally been below 2 percent [Brynes et a!., 1995; Holt and Associates] .
Building on the mechanism design recommended by Schulze (1994) , NMPC's GreenChoice™ provision mechanism incorporated three key features: a provision point, a money back guarantee, and extended benefits. This provision point mechanism works as follows. If, for example, 12,000 customers joined the GreenChoice™ program in the first year at a fixed $6/month (collected as a surcharge on their electricity bill), $864,000 would be collected and the provision point would be met. NMPC would then plant 50,000 trees and fund a landfill gas project which could replace fossil fuel generated electricity for 1,200 homes. However, if after one year Green Choice™ participation was insufficient to reach the provision point, NMPC would cancel the program and refund all the money that was collected. If money were collected in excess of the provision point, additional moneys would be put toward increasing the scope of the program (extended benefits). The characteristics of the program itself were based on prior market research for NMPC [Wood et al., 1994] . The demand revelation characteristics of the program's funding mechanism are further discussed in an experimental context in Rose et al. (1997) .
Provision point, money back guarantee mechanisms have been shown to improve participation levels in public programs [Bagnoli and McKee 1991 , Schulze 1994 , and to approximate aggregate demand in 'large group' laboratory experiments .
Having a demand revealing mechanism is an important component of validity testing. As argued in
Poe et a!., Navrud and Veisten (1997) In turn, this should allow for more accurate detennination of hypothetical bias and provide an -appropriate reference for calibration.
The survey instruments used in this study followed the Dillman Total Design Method [Dillman, 1978) . The survey was pretested by administering successive draft versions by phone until respondents clearly understood the instrument. A split-sample was used to compare three designs:
actual sign-ups obtained through phone solicitation, and phone and mail responses to hypothetical versions of the actual solicitation question. Initial sample sizes were 250 households for actual sign ups, and 500 households each for hypothetical phone and mail surveys. Established multiple contact survey techniques, including a two dollar incentive, were used in all versions with Cornell University as the primary correspondent. All three survey versions were administered by Hagler-Bailly Inc. The subject population was NMPC customers in the greater Buffalo, New York metropolitan area.
Sample frames were obtained from Genesys, Inc., a private marketing firm, which used identical methods to draw the samples.
In each survey version, respondents were first screened to establish that they were NMPC customers and to determine their previous knowledge of the GreenChoice™ program. A description of the GreenChoice™ program followed, with questions to aid the respondents' understanding. The program description followed the NMPC Green Choice™ brochure as closely as possible and emphasized various components of the good (trees and renewable energy) and the provision point mechanism. The description was followed by a dichotomous choice question asking the respondents if they would sign up for the program. The survey concluded with demographic questions.
Following the dichotomous choice calibration method suggested in Champ et ai., participants in the hypothetical surveys were first asked if they would be willing to participate in the program if it was offered at $6/month, and, if they answered "yes", were next asked how certain they were of actually participating in the program on a scale from' l' ("Very Uncertain") to '10' ("Very Certain").
Participants in the actual phone survey were offered the opportunity to sign up for the program at $6/month, with the charge to appear on their monthly bill. This sign-up now/pay later approach follows standard green pricing methods [Holt and Associates] . Furthermore, the phone solicitation approach corresponded with the "keep it simple" approach adopted by NMPC, which allowed such phone sign-ups for the actual program.
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One of the motivations for using mail surveys is their ease of implementation and their relatively low cost per respondent compared to a phone survey.s In this study the final cost per respondent varied by nearly a factor of 2 between the phone and mail treatments: the final cost per telephone respondent was estimated to be $45.95, while the final cost per mail respondent was estimated to be $24.12. Thus the price difference between phone and mail surveys is indeed large. Thus it is likely that ruling out the use of mail surveys could curtail both the use of CV generally by increasing implementation costs, and also the quality of CV surveys as sample sizes may be truncated to fit fixed budgets. In contrast, if mail and phone surveys are found to produce comparable results, cheaper mail survey techniques could be used.
Survey Results and Discussion
After subtracting disconnected phone numbers, households that had moved, non-NMPC customers, etc., the final response rates were 70.4% for the actual phone survey, 71.2% for the hypothetical phone survey, and 68.3% for the hypothetical mail survey. None of these rates are significantly different at the 10 percent level in pairwise comparisons. The final number of contacts for each were 145,275, and 299, respectively. The proportion of respondents to the actual survey who chose to join the Green Choice™ program at $6/month was 20.4%. The comparable proportions for the hypothetical surveys were 30.6% for the phone sample and 35.7% for the mail survey. These results are summarized in Table 1 . As an aside, the number of usable surveys, i.e. returned surveys minus surveys with item non response, was similar for the hypothetical phone and mail surveys: 85.5% of phone surveys and 83.8% of mail surveys received had non-missing responses to all 10 demographic and other variables used in subsequent analyses. These proportions are not significantly different, suggesting that item non-response is similar between mail and phone surveys.
We now tum to statistical evaluation of the propositions. proportion of respondents saying 'no' to this question varied greatly between hypothetical phone and mail surveys.6 The proportion of phone respondents contacted who said that they were not NMPC customers or had moved (a very small percentage) was 11.4%, which is significantly different (X 2 =20.56) from the 3.8% reported by mail customers. We hypothesize that two effects might be occurring: 1) NMPC customers are using the screening question as an excuse to avoid the phone survey, and/or 2) non-NMPC customers fail to return the mail survey and thus are counted as non respondents. In either case, there is some evidence of mode effects on response. If indeed the case was that phone customers overstated their non-NMPC percentage, the response rate would be 67.9%
for the phone survey. If instead the mail non-NMPC percentage was understated because of non response, the mail survey response rate would be 72.4%. Under either assumption, the response rates would still be comparable across modes.
Consistent with the statistically similar response rates, evidence of response effects is not found in the demographic variables. The distributions of five demographic variables were compared across hypothetical phone and mail surveys using Chi-square tests: age, gender, income, occupation, and level of schooling. None was significantly different at the 10% level of certainty? (see Table 2 ).
Thus, there is no observable difference in sample demographics, suggesting similar samples. This result contrasts with both the Loomis and King and Whittaker et al. studies, which found differences in their respondent demographics. Because there is no evidence of differences in sample demographics across modes in our survey, any differences in survey responses across modes found while examining the following propositions will be attributed to other mode effects and not sample non-response bias.
Proposition 2: Phone and mail surveys do not yield different responses to non-WTP questions.
Four questions which might be expected to capture both an avidity effect or social desirability bias were asked: "In the last two years, have you contributed to any environmental groups ... ?", "Please rate the overall service you receive from NMPC?", "How interested are you in the goal of planting trees 7 Note that two sets of categories (out of 11) were combined for occupation, one set because of small expected values «5) and another (sales and services) because their substitutability had seemingly led to coding inconsistencies. The sales/service ratios were 6/19 for phone and 14/2 for mail, which contrasted markedly with the remaining eight categories. Since mail was self-coded and phone was coded using the first selected answer, inconsistencies were likely in similar categories like sales and service. on public lands in upstate New York?", and "How interested are you in renewable energy?" Chi square test results for the four questions are shown in Table 3 . We found differences in three of the four "subjective" questions asked in each survey. Differences in 'Rate service' and 'Plant trees' are significant at the 1% level, while 'Give to environment' is significant at the 10% level. For all four questions evaluated, the phone survey produced higher mean responses than the mail survey. This suggests that social desirability bias present in the phone survey outweighs any avidity effects which might have been captured in the mail survey. Such a finding is consistent with Dillman (1991) , as well as with the conclusions of Whittaker et ai., but contrasts with Loomis and King, who may have had an artificially high avidity effect associated with sample non-response bias. Thus, in this aspect our results are consistent with previous survey research in other disciplines. The results of this hypothesis are subject to interpretation. On one hand the hypothetical mail (35.7%) sign-up rate was about 17 percent higher than the hypothetical phone (30.6%) sign-up rate, a difference that is arguably large. Yet, unlike previous studies, this difference is not significantly different at the 10% level (X 2 := 1.589 < X 2 .10:= 2.71), even though the sample size used in these comparisons exceeds the single bid value samples typically used in dichotomous choice CV studies.
Note also that the direction of the observed difference between the hypothetical results is the opposite of what one would expect if the phone answers were influenced by social desirability bias, as was found for Proposition 2. Given this divergence, we hypothesize that the nature of the WTP question, with the inclusion of a dollar amount, works to reduce the effect of social desirability bias as found in Proposition 2 by 'grounding' the respondent in a way which does not occur in an 'opinion' question. Thus, social desirability bias might be present in non-WTP type questions in a manner consistent with previous research in other disciplines, but without carryover to valuation questions. [Hoehn and Randall, 1987] . Indeed, the reverse strategy might be likely: respondents might seek to convince NMPC that green power is highly valued and thus ought to be provided. In addition, the to participate responses may be subject to interpretation, calibration of these hypothetical responses produced remarkably similar phone and mail WTP patterns (see Table 4 ). None of the differences across calibrated values is statistically significant. This result is important. It suggests that while mode effects might affect WTP responses, calibration of these responses demonstrate similar valuation patterns. Since the objective is to predict "true" WTP, it appears that the alternative modes do not provide different estimates of WTP once they are calibrated.
-.' Certainty ~ 10 6.6 6.1 ·Sign-ups adjusted for certainty are counted as 'yes' if the respondent answered 'yes' to the dichotomous choice question at $6 per month and said that she would actually sign-up with a certainty level greater than or equal to X.
In this analysis, calibration levels of seven or greater for each mode were nearly identical to the actual sign-up rate of 20.4%: hypothetical phone sign-ups at a certainty level of seven or greater were 20.9%, while mail sign-ups at a certainty level greater than or equal to seven were 21.7%.
This convergence suggests that a certainty level of seven or greater is an effective way of approximating actual WTP from a hypothetical survey. It is important to note that these results differ from those of Champ et al. , who found that a certainty level of' 10' corresponded to actual sign-ups. It is possible that calibration levels may vary with commodity. Nonetheless, we argue that a likely explanation for the difference between calibration levels is our use of a demand revealing mechanism. Recall that the voluntary contribution mechanism used to collect actual payments in the Champ et al. studies under-reveals true willingness to pay, and thus may lead -to over-calibration associated with a higher level of certainty.
Discussion
With the increased application of CV there has been substantial debate over whether CV surveys should be conducted by mail, phone or in person interviews. Unfortunately most of the arguments for and against different models largely rely on experiences from survey research conducted in other disciplines. To date, little empirical CV research on the relationship between mode and WTP has been conducted. And, the few studies that have attempted to address this issue provide results that may have limited relevance to broad CV research because of their specific design features.
In contrast to previous CV efforts to examine mode effects on survey response, this survey achieved high response rates for an environmental good with a high nonuse component, and used identical sampling techniques to draw samples from a general population. This is also the first study of mode effects to compare different hypothetical methods to an actual willingness to participate.
Using a green electricity pricing program as a case study, a comparison of hypothetical mail and phone sign-up rates found no difference in demographic variables when survey response rates approximated the NOAA threshold of70%. Thus, measurable non-response bias does not appear to be a problem when response rates approach acceptable levels. In spite of the similar demographics, mode effects are observed in responses to subjective, non-WTP 'opinion' questions. Notably, social desirability bias seems to affect phone answers, resulting in higher responses to what might be regarded as socially desirable 'opinion' questions. This result is consistent with survey research conclusions drawn from other disciplines. However, such social desirability effects attributed to phone elicitation do not appear to carry over to the WTP question. Indeed, the proportion of hypothetical sign-ups was found to be lower by phone than by mail, but not significantly so.
Consistent with previous CV validity research, hypothetical bias was found for dichotomous choice questions, with both hypothetical mail and phone survey responses significantly 19 overstating actual participation levels obtained through a phone sign-up program. An important finding of this research is that calibration questions based on certainty of "yes" responses provided statistically identical patterns across modes. This finding suggests that if calibration techniques are to be used to adjust hypothetical response to more closely reflect actual willingness to pay, then the calibrated responses are independent of survey mode.
In all, some evidence of social desirability and mode effects does appear across modes, but these effects do not carry over to phone and mail estimates of willingness to participate, whether calibrated or uncalibrated. As such, neither mode appears to dominate from the perspective of providing more valid estimates of actual participation decisions. We therefore argue that the selection of survey mode must be based on other criteria. 
